Abstract. For many shorebirds and passetines, stopovers in areas of concentrated resources increase survival during migration. For raptors, physical factors have generally been considered to be the chief influence on migratory behavior, and few studies have collected quantitative data on the use of resting and foraging habitat during migration. Our object was to survey three different habitats along a 30-km section of the Cape May peninsula. We measured abundance, flight altitude, and flight direction of eight species of migrating raptors to evaluate the influence of habitat and physical factors, including wind speed, wind direction, and location, on migratory behavior. Physical factors such as wind speed and direction were weakly related to bird density and altitude. Although interactions among physical factors were significant, they were not consistent with predictions based on bird mass or wing-aspect ratio. Habitat type was significantly associated with most species' altitude and density. Birds generally occurred in higher densities and at lower altitudes above habitats similar to those used in breeding or wintering seasons. We suggest that the strong habitat association is due to the need for suitable foraging sites. Many migratory raptors are able to prey upon migratory birds, insects, and fish that also concentrate at the end of the Cape May peninsula or in waters offshore. Most of the raptors observed in Cape May are immature and inexperienced, and the concentration of similarly immature and inexperienced prey may prove to be a critical factor in successful migration along the Atlantic Coast.
INTRODUCTION
Most studies of avian migration have focused on wind, tide, and other abiotic factors as the key features influencing migration, even though the availability of foraging, resting, and roosting habitat is crucial to survival during this season (Gauthreaux 1982 , Greenberg 1987 peninsula. We investigated how birds are distributed on the peninsula during migration, including determining which species concentrate in staging areas and the primary factors affecting bird distribution.
The Cape May peninsula has the largest and most diverse migratory flights ofraptors in North America (Kerlinger 1989 ). Each year as many as 80,000 individuals of 15 species fly past the point of the peninsula. Considerable work has been completed on the effect of weather factors on the direction, altitude, and visibility of the Cape May birds (Kerlinger 1984, Kerlinger and Gauthreaux 1984 ) and on locations of breeding or wintering areas from banding returns (Bildstein et al. 1984 , Clark 1985a , 1985b . Holthuijzen et al. (1982) conducted a telemetry survey of Sharp-shinned Hawks (Accipiter striatus) but restricted surveillance to less than a few km from the point.
The study of birds only at the end of the peninsula may distort understanding of the ecological relationship between migrating raptors and habitat. Counts from single locations place a greater emphasis on the abiotic factors affecting flight while minimizing the effects of variations in habitat and other biotic factors. Over the last few decades the forest and field habitat of the Cape May raptor concentration area has been reduced and segmented into discrete patches by development. It is important to understand how migrants use these fragmented habitats to identify habitat critical to the protection of species diversity and numbers. Thus, one of our objectives was to document habitat use over a relatively wide area (O-30 km from Cape May Point).
In this paper we test the following null hypotheses concerning raptor migration: (1) There are no differences in the numbers of birds concentrating at Cape May Point compared to areas away from the point. (2) There are no differences in the influence of weather factors on numbers or altitude of birds on Cape May Point compared to a control site 30 km away from the point. (3) There are no differences in the influence of habitat type on density or altitude of hawks at any point on the peninsula.
METHODS
The Cape May peninsula at the southern tip of New Jersey, is 18 km north of Delaware, across the Delaware Bay. The peninsula is 30 km long, extending from the town of Sea Isle City on the Atlantic Ocean (latitude 39"9' 45" longitude 74' 41' 30") and Dennisville (latitude 39' 11' 45" longitude 74"49' 30") on the Delaware Bay shore to Cape May Point (latitude 38' 55' 0" longitude 74"56' 15"). The peninsula is about 10 km wide at the northernmost point and includes habitats ranging from densely populated ocean resort beaches to sparsely populated oak-pine (Quercus-Pinus) forests.
We classified habitats on the peninsula into six categories using 1986 1" = 400' aerial photographs (Fig. 1) . We established survey points within 1 km of four east-west lines 10 km apart. The first line was within one km from the southern end of the peninsula at Universal Transverse Mercator (UTM) line 43 12. The second line (10 km) was located at UTM 4322, the third (20 km) at UTM 4332, and the fourth at UTM 4342,30 km from the southern end of the peninsula. We divided each line into a Delaware Bay and Atlantic Ocean side, then randomly located survey sites for three ofthe six classified habitats: marsh, forest, and field. We restricted the choice of survey sites in two ways: (1) sites had to be more than 300 m from a road, and (2) forested sites had to have unrestricted views of at least 100 m in all directions and a canopy that allowed a partial view of the sky.
All points were surveyed for hawks between 08:OO hr and 13:00 hr two times per week for eight weeks from 15 September to 7 November in 1984 and 1986. Two observers surveyed all habitats in one day for both Atlantic and Delaware Bay points. In 1986 we randomly chose a new set of points and conducted the project in the same way. Start locations and observers were staggered so that all points were surveyed at different times of day by different observers to avoid observer bias and influences of time on the data.
In both years we watched for birds at each point for 30 minutes. Observers were trained to estimate distance by setting reference points at 100 m intervals at all survey points with a Rangematic rangefinder. We also measured the height of stands of vegetation with a clinometer or tape to enable the observer to estimate vegetation height under each bird sighting. Whenever a bird was sighted, observers recorded the distance of the first sighting and the closest sighting of each bird, time, species, direction of flight (or track), altitude of the bird at 10 m intervals at its closest track, and the type of flight. Wind direction, wind speed, and ambient temperature were obtained from National Oceanographic and Atmospheric Our original design was to classify surveys into lo-km intervals for both sides of the peninsula, then determine effects of weather and location on the number and altitude of observed birds. Because far fewer birds were seen in the three intervals north of the point than at the point, however, we also combined data into three geographical groups. Surveys on the 30-, 20-, and 1 O-km intervals were reclassified into two groups, (Zar 1988 ). The comparison of habitat types was compromised by the much smaller viewing area in forest survey points. To account for this, we calculated densities for each point using an area of 24 ha (300-m radius) for field and marsh survey sites and a 1 O-ha area (I 50-m radius) for forest sites. For the comparison of altitudes, we subtracted the height of vegetation from the altitude of the birds to eliminate the effect of vegetation height in the comparison of habitats. Data were then analyzed using habitat and position on the peninsula (using point, Delaware Bay, and Atlantic Coast classifications) in a two-way ANOVA.
We summarized the direction-of-flight data by combining directions into southbound (S, SW, SE, W), northbound (N, NE, NW, E), and perching categories. Chi-square analysis was used for contingency tables (Zar 1988) .
We included the Sharp-shinned Hawk, Osprey (Pundion haliuetus), Northern Harrier (Circus cyanens), and Turkey Vulture (Cuthurtes aura) in our analyses, and combined Red-tailed Hawk (Buteo jumuicensis), Broad-winged Hawk (Buteo plutypterus), and Red-shouldered Hawk (Buteo lineutus) because of the low number of individuals of these species sighted.
RESULTS

SPECIES ABUNDANCE
In 1984 we conducted 140 surveys at 24 points and counted 596 birds; in 1986 we conducted 123 surveys at 24 points and counted 5 15 birds. Of the 15 species counted, Sharp-shinned Hawks were the most abundant and Bald Eagles (Huliueetus leucocephulus) the least abundant (Table  1) .
Location on the Peninsula, wind speed and wind direction. When data were analyzed using the original survey design, based on north to south geographical intervals, the total number of birds observed migrating through the peninsula increased significantly to the south (i.e., toward the point) (Fig. 2) . The increase, from 1.9 birds/survey 30 km north of the point to 9.9 birds/survey at the point, appeared to result primarily from an increased number of Sharp-shinned Hawks at the point. Most of the increase occurred in the lower 10 km. Nearest the point Sharp-shinned Hawks increased from 0.4 birds/survey at the 30-km line to 6.6 birds/survey at the point. Although Sharp-shinned Hawks were the most numerous hawk seen in the entire peninsula, they comprised a much greater proportion of the birds seen at the point, accounting for 66% of the birds at the point but only 38%, 2 l%, and 12% of birds at the lo-, 20-and 30-km lines. Numbers of Northern Harriers, Turkey Vultures and buteo species observed did not change significantly toward the point. There was no significant difference between Atlantic and Delaware Bay sides depended on location on the peninsula. Interwere not significantly associated with the number actions of these two factors were significant for of birds (Table 2) . four species. Habitat. There were significant differences in the number of birds counted in marsh, field, and forest habitats for Sharp-shinned Hawks, Northem Harriers and buteo species (Table 3) . Sharpshinned and buteo species flew over forests more often than over fields and marshes. Harriers flew over marshes more than forests and fields. For all species combined, more birds were counted ALTITUDE Location. On average, the eight most common species flew at different altitudes. Kestrels (F&co sparverius) and harriers flew the lowest at 50 and 58 m above the vegetation, respectively, and Broad-winged Hawks the highest at 187 m (Table  1) . Turkey Vultures, Red-tailed Hawks, Cooper' s wind conditions, buteos were observed at lower altitudes, whereas Sharp-shinned Hawks were observed at higher altitudes.
Wind direction and speed. Wind direction was significantly associated with altitudes of Sharpshinned Hawks only (Table 4) . Sharp-shinned Hawks flew highest in NE and SW winds and lowest in SE and NW winds. Turkey Vultures flew highest in NE and lowest in NW winds.
Habitat. The altitudes of birds over marsh, field, and forest habitats were significantly different for Sharp-shinned Hawks, Northern Harriers and buteo species (Table 5) Murray (1964 Murray ( , 1969 ) and supported by Kerlinger (1984) Kerlinger and Gauthreaux (1984) , and Clark (1985b), proposed that birds concentrate there because they migrate in "broad fronts" and decrease altitude upon reaching water crossings. Murray (1969) acknowledged the "diversion line" effect of the Delaware Bay coast, which in some conditions would prevent birds from crossing, and Kerlinger (1984) noted that drift is possible above some threshold wind speed. It is important to note, however, that in all these discussions on concentration, the interaction of birds and habitat was not addressed. Kerlinger (1989:254) suggested birds may concentrate because of the large numbers of avian prey that also concentrate at water crossings.
In our study we surveyed birds throughout a migratory stopover area in the three main habitats. This enabled us to characterize bird distribution and abundance in relation to abiotic factors such as wind and geographic position, and with biotic factors such as habitat type.
INFLUENCE OF WIND ON ABUNDANCE AND ALTITUDE
Our data suggest that physical factors have only a partial influence on the number of raptors at the water crossing. If physical factors (wind speed and direction) were the sole determinants of whether birds fly or pause, then morphological differences such as weight or wing-aspect ratio should predict the species most likely to concentrate in stopover areas. Low-mass species with low wing-aspect ratios should have a more difficult time crossing water bodies than heavier species with high aspect ratios (Kerlinger 1985) . But in our study the two species that were observed in greater numbers close to the point of the Cape May peninsula had very dissimilar morphology. Sharp-shinned Hawks are small with low wing-aspect ratios, whereas Ospreys are large with high aspect ratios. In addition, the species that did not concentrate also ranged from high to low aspect ratios and mass. In general, morphological characteristics did not predict the species most likely to concentrate at the point thus supporting our observations that wind condition does not affect bird concentrations at Cape May Point. Murray (1964) suggested bird concentrations at Cape May in NW winds are a result of birds descending in altitude and thus becoming easier to observe. In our study, wind direction or speed did not affect the altitude of Ospreys, Northern Harriers, and Turkey Vultures even though Ospreys were found in higher numbers at the point. Sharp-shinned Hawks flew lower in northwest winds but they also hew low in southeast winds and their numbers did not vary significantly. Moreover buteos, the only other hawks whose altitude was significantly affected by winds, flew higher at the point. Northern Harriers flew at a significantly lower altitude at the point but did not occur in greater numbers there. Thus our data do not support descent in altitude as an explanation for the concentration of birds at the Delaware Bay water crossing, particularly in northwest winds.
INFLUENCE OF DECREASING LAND AREA
Another explanation for the concentration of raptors at Cape May Point is the gradual reduction in land area caused by the converging Atlantic and Delaware Bay coastlines. We discarded this possibility for two reasons. First, a concentration due to space limitation should affect all species, but not all species concentrated at the point. Second, we calculated the density of birds we would expect to see at point habitats based on density of birds observed 30 km north of the point and the total amount of habitat available at each interval. We found that the observed densities were far higher than would be expected if the coast were simply funneling birds onto the point (Table 6 ).
INFLUENCE OF HABITAT
We believe the concentration of species at the point cannot be explained as an effect of weather factors taken singly or in combination, or simply as a result of the geography of the peninsula. Our data suggest that birds are not simply flying over the peninsula, adjusting altitude depending on the weather or only holding over in adverse weather conditions. We believe that some of the migratory raptors observed on the peninsula use habitats for feeding and resting in ways similar to what has been reported for migratory passerines and shorebirds.
Of the raptors in the present study, about half were observed perching or not flying south, indicating behavior other than migration, such as foraging and resting. A primary cause for the concentration of Ospreys at Cape May point was the large number of birds using the habitat for 
HABITAT REQUIREMENTS
We suggest that the need to hunt, rest or roost and consequently the need for appropriate habitats, affects the distribution of raptors at Cape May Point. First, if birds were flying without regard to habitat, they should occur in similar densities above all habitats. In this study, densities of birds in each habitat were significantly different for five of the eight species. Second, species were most numerous in the habitats they would normally select at breeding or wintering sites (Table 7) . For example, Sharpshinned Hawks often breed in dense, forested habitat and hunt forest birds and mammals (Reynolds et al. 1982) , and Sharp-shinneds were most numerous above forested habitats of the peninsula. Northern Harriers are usually found in open fields and wetlands and prefer wetlands in wintering areas (Preston 1990), and they were most numerous in marsh habitats. Red-tailed Hawks, the most numerous buteo species, winter in field and forested habitats, often preferring fields with scattered woodlands for perch hunting (Bildstein 1987, Preston 1990). Red-tailed Hawks in our study were most numerous above forested habitats, which in the lower peninsula often occur in isolated woodlots surrounded by fields or marshes.
Third, many species flew lowest over the habitats where they would normally forage: buteos over forests, harriers over marshes, kestrels over fields, and Sharp-shinned Hawks and Cooper' s Hawks over forests and fields. In general, the species that concentrated at Cape May Point were most dense and flew lowest over the habitats they use in wintering and breeding areas. An unintended result of the emphasis on abiotic influences in most research on migrating raptors is that conservation agencies and govemment regulators have placed a low priority on land protection in concentration areas. Development on Cape May peninsula between 1973 and 1986 has resulted in a loss of nearly 30% of all suitable upland and freshwater wetland habitat (Niles, unpub. data). The remaining habitat has become increasingly fragmented and often degraded by human disturbance. Destruction and degradation may force birds to move through key areas sooner than they would if habitats were available. This may significantly decrease the survival of all migrating raptors but particularly immatures which comprise a major portion of the migratory flight.
